
CUglr • C S-STICATION OF THIS PACGE OrESE TECHNICAL INFORMATION CEtTER

REPORT 000c
l~a, RE PORT SECURITY CLASSIFICATIONu um r uUNCL DT Ce264572
2a. SECURITY CLASSIFICATION AUT RI17w A A%0

,__.•.. Approved for public release;
2b. DECI.ASSIFICATIONI/XOOWNG" "AM 4 distribution is unlimlhted

4. PERFORMING ORGANIZATION P NUMBER(S) ,S MONITORING ORGANIZATION REPORT NUMBER(S)

NMRI 92-127 V 0 -

6a. NAME OF PERFORMING ORGANIZATION OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
Naval Medical Research (If applicable) Naval Medical Command
Institute

6 O AgDRESS (Cit.y State. and ZIP Code) 7b, ADORESS(City. State, and ZIP Code)
901 Wisconsin Avenue Department of the Navy

Bethesda, 1id 20889-5055 Washington, DC 20372-5120

Ba. NAME OF FUNDING/SPONSORING 8'1b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IOENTIFICATION NUMBER
ORGANIZATION Nava I Med i ca I (If applicable)

Research & Development Comman

8c- ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
8901 Wisconsin Avenue PROGRAM PROJECT TASK WORK UNIT
Bethesda, MD 20889-5044 ELEMENT NO. NO. NO. ACCESSION NO-62787A 13M762787.AJ870 AN1284 [N24`54t

.61102A 3M161102.BSI3 AK121,,

11. TITLE (Include 5ecurity Classification)
A monoclonal antibody directed against the sporozoite stage of Plasmodium vivax binds to liver parenchyma £011ls

2. PERSONAL AUTHOR(S) Millet P, Chizzolini C, Pieniazek NJ, Charoenvit Y, Nakamura K, Aikawa M, Jonm, TR,
Hoffman SL, Collins WE

I3a. TYPE OF REPORT 13b. TIME COVERED 114. OATE OF REPORT (Year. MonthVay) i . PAGE COUNT

Journal article FROM TO 1992
16. SUPPLEMENTARY NOTATION Reprinted from: Immunology Letters 1992 Vol.33, pp.289-94

17. COSATI CODES 18. SUBJECT ,tERMS (Continue on reverse if nece•sry ar-I - ntify by block n"umber)
FIELD GROUP SUB-GROUP Plasmodium vivax; Major histocompatibility complex Class 1; Heratocve;Monoclonal anitbody; Liver; Sporozoite; AntibodyII

19. ABSTRACT (Continue on reverse if necessary and identify by block numnber) - ,--.

93-11519

20. DISTRIBUTION /AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
tAUNCLASSIFIEDAJNU1MIIIW 0 SAME AS RPT. COTIC U~P Unclassified,

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Cooe) J 22c. Or FICE S. NBOt
PhylO I i, s BL,, Librarian (301) 295-2188 .RL/Nt1RI

DO FORM 1473,84 MAR 83 APR edrton may ble useid until exhausted. SECURITY CLASSIFICATION OF THIS PAGE
All other edttions are obsolete, UNCLASS I FI ED



s.CUt*Y,.. CLA SFii CATO,.. OF T"•W PAO-

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGC

|!



D110C TAB

Immunology' Letters, 33 (1992) _289-294 Di:t. bullon 1
0165 - 2478 / 92 / S 5.00,Z 1992 Elsevier Science Publishers ByN. All rights reserved

Av.ailability Codes

IMLET 01834 Avrii a'Udlor
iDist Special

C,\
A monoclonal antibody directed against the sporozoite stagle ____

of Plasniodiumi vivax binds to liver parenchymnal cells

Pascal Millet', Carlo Chizzolinia, Norman J. Pieniazek,a Yupin Charoenvitb
Ke-",ichiro Nakamurac, Masamichi Aikawac, Trevor R. Jones b, Stephen L.

Hoffman b and William E. CollinSa

ýOF -,s; h: DL~caes. Cenier for infeciou~s viseases. centers for Disease Cortrol. Atlanta, G.4. USA, b',alaria Program.,
Infectiouss Diseases Department. Naval Medico! Research Institute, P-1hesda, MD, USA: and CDepartment of Poihology)

Case W~estern University, Cleveland. OH, USA

(Received 12 June 1992; accepted 17 June 1992)

1. Summary 2. Introduction

The circumsporozoite (CS) protein of malaria The circumnsporozoite (CS) protein 01 the spor-
parasites is a major surface protein of the sporo- ozoite stage of malaria parasites is a targ'~t for
zoite stage. In the process of investigating the im- malaria vaccine development [11. The central
tnunogenicity of this protein in the Plasmodiumn third of all CS protein consists of repetitive ami-
vis'ax complex, we found that a monoclonal anti- no acid sequences that contain immunodominant
body (mAb) directed against the CS protein of B cell epitopes [2]. The repeat region of the CS
isolates of P. vivax recognizes New World mon- protein of most of the isolates of P. viivax. includ-
key hepatocytes and human hepatoma cells ing Salvador I (Sal 1), Chesson, and Belem strains,
HepG2AI6 in Western blot and by immunoelec- is characterized by the repeated sequences
tron microscopy. The mAb NTVS3 binds to the DRADGQPAG or DRAAGQPAG [3], Passive
amino acid sequence AGDR, which is also transfer to Saimiri monkeys of NTVS3, an IgG3
shared with the m3 domain of the human and pri- monoclonal antibody (mAb) directed against the
mate major histoconapatibility complex class 1. hIn AGDR sequence contained within the nine-ami-
addition, in v'itro experiments suggest that the no acid repeated sequences, protects against
binding of the mAb NVS3 to hepatocytes from sporozoite-induced malaria [4]. Moreover, sera
Saimiri monkey enhances the invasion or develop- obtained from these animals just prior to chal-
ment of malaria sporozoites. These results form lenge inhibit the in %itro development of P. vivax
the basis for investigating the relationships be- liver-stage Parasites in primary culture of Saimiri
tween parasite surface proteins and host-cell re- mon key hepatocyies [4].
ceptors. These findings have led to efforts to construct

synthetic peptide vaccines designed to produce
antibodies to AGDR. However, a recent study
has shown that the repeat region of the CS pro-
tein of the VK247 strain of P. virax from Thai-

Key words: Plasmodiwm vivax; Major histocompatibility com-l land does not include the sequence AGDR 15). If
plex Class 1; Hepatocyte; Monoclonal antibody antibodies to AGDR do not inhibit invasion of

Correspondence to: Pascal Millet, Division of Parasite Dise- hepatocytes by VK )A7 SPOrozoiteS, amulti-epi-
ses, Center for Infectious Diseases, Centp'. f.'r Dise-arA Con- tope vaccine may be necessary. Here we report
trol, A~tlanta, GA 30333, USA., an enhancing effect of NVS3 on the development
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of P. viv ax, VK247 strain. sporozoites in primary 3.2. Western blot
culture of Saimiri monkey hepatocytes, and de-
monstrate that the MAb NVS3 interferes be- Western blotting 18] was performed as follows.
tween the parasite and the hepatocyte by binding Freshly dissociated hepatocytes were solubilized
to hepatocyte molecules. in reducing sample buffer (0.06 M Tris-HCl, 5%

sodium dodecyl sulfate (SDS), 0.7 M 2-mercap-
3. Materials and Methods toethanol) and then incubated for I5 min at

75CC. After vertical electrophoresis in SDS gel
3.1. In vitro culture of Siamiri monkey (3.3% - 20%), the polypeptides were electrophor-

heparocytes and inAbs etically transferred to nitrocellulose paper. Strips
of nitrocellulose paper were reacted overnight at

The liver-stage parasite assay was performed 4CC with mAb NVS3 (A.D) or with two unrela-
using previously developed techniques [6]. Sporo- ted mAbs from other malarial parasites: 2A10 (1P.
zoites were obtained from dissected salivary falciparum) directed against the sequence
glands of infected Anopheles dirus mosquitoes pre- (NANP)n (BE), and 12D6 (P. cynornolgi, B
viously fed on blood from chimpanzees (Pan strain) directed against the sequence (NAGG),
troglodytes) infected with gametocytes of P. (C,F), diluted at 1:100 in PBS containing 0.3%
vivax, Sal I or VK247 strains. Sporozoites were Tween-20. After being incubated for I h at rcom
counted and suspended in culture medium (Gib- temperature with peroxidase-conjugated goat an-
co, Grand Island, New York; formula #85- tibodies to mouse IgG diluted in PBSiTween. the
0227AK) supplemented with 10 % fetal bovine strips were washed, and the antibodies bound to
serum, 2 gil bovine serum albumin, 10 mg/l bo- the strips were detected by staining with diamino-
vine insulin, 0.1 mM nonessential amino acids, benzidine and hydrogen peroxide. Molecular
292 mg/I L-glutamine, 150 U/ml penicillin, and weights were estimated from control-labeled pro-
150 pg/mI streptomycin. 30 y1 of sporozoite sus- teins (Bethesda Research Laboratory, Gaithers-
pension containing approximately 60000 sporo- burg, MD).
zoites was incubated with 30 yl of the following
mAbs diluted in phosphate-buffered saline (PBS) 3.3. Immunoelectron microscopy
for 15 min at room temperature: NVS3 (IgG3),
directed against the repeat region of the CS pro- Immunoelectron microscopy [9] was carried
tein of P. vivax, Salvador I strain [4]; 3G6 (IgM), out as follows. HepG2/A16 cells and Aotus hepa-
directed against the repeat region of the CS pro- tocytes were fixed with I % paraformaldehyde and
tein of P. vivax, VK247 strain [5]; 2A10 (IgG2a), 0.2% glutaraldehyde in PBS for 40 min'at 40C.
recognizing the sequence NANP on P.falciparum After dehydration, samples were embedded in
sporozoites [6); and W6/32 (IgG2a), reactive with LR Gold resin (Polyscience, NJ) at -20TC. Sec-
a monomorphic determinant on the Major Histo- tions mounted on nickel grids were incubated for
compatibility Complex (MHC), HLA-A, -B, and 30 min with PBS containing 5% non-fat dry milk
-C molecules [7]. The sporozoites were then over- (Carnation) and 0.01% Tween before being im-
laid on hepatocyte monolayers (30000 sporo- munostained, first with NVS3 (500 ug/ml) over-
zoites per monolayer containing 30000 hepato- night at 4'C and then with a goat anti-mouse
cytes). Hepatocytes were obtained from a liver lgG conjugated with 15 nm gold particles as a sec-
biopsy from an uninfected Saimiri monkey. After ondary antibody. Grids were examined ý,ith a
2 h, sporozoites and plasma were removed, and Zeiss CEM902 electron microscope after being
medium was added to culture dishes. This med- double stained with uranyl acetate and lead c>-
ium was replaced I h later and then changed dai- trate.
ly. After incubqtion for 7 days at 37CC in 5% Sequence similarity searches with the amino
CO2 , the cultures were fixed with methanol and acid sequence AGDR were done using the Fasta
Giemsa-stained. Schizonts were counted with the program [101 to scan the SwissProt data bank
identity of each plate concealed, [11], release 17.0 as of March 1991.
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Fig. 1. Enhancements of P. viiax, VK247 strain, liver-stage development by incubation of sporozoites with MAb NVS3, compared
with mAb 3G6 directed against the repeat region of the CS protein of P. vivax, VK247, and with control plate in %hich sporozoites

were incubated with PBS only.

4. Results To help identify the protein recognized by Wes-
tern blot and immunoelectron microscopy, we

MAb 3G6 inhibited 100% the development of conducted a sequence similarity searche with the
VK247 parasites in primary cultures of Saimiri amino acid sequence AGDR. Earlier investiga-
monkey hepatocytes at 500 pg/ml and 50 pg'ml tions have been conducted with the repeat region
dilution PBS (Fig. 1). In contrast, mAb NWS3, at of the CS protein of P. vivax, but these did not
500 pg/mI, enhanced the number of liver-stage include the sequence AGDR [121. In our search,

parasitei to 17 times more than the number this amino acid sequence was found to occur in
found ini cultures exposed to PBS as a control, or 92 entries in the database. Thirteen of these se-
to low concentrations (0.05 to 0.5 pg/ml) of mAb quences were primate (II human and 2 chimpan-
3G6. zee) HLA-B class I o chains showing 100%

To determine whether mAb NVS3 was able to homology to a highly conserved region of the ex-
recognize hepatocytes from New World monkeys tracellular o3 domain. When the sequence
susceptible to human malaria parasite infections, PAGDR, which is also present in the CS protein
we analyzed hepatocyte extracts from Sairniri and of P. vivax, Sal I strain, was used as a query in
Aotus monkeys by Western blot (Fig. 2). The the search, more specific results were obtained
mAb NVS3 recognized a major band from both (Fig. 4). This sequence was found in all 13 HLA
Aotus and Saimiri monkeys with a relative mole- sequences mentioned above (position numbers
cular mass of 45 KiloDalton (kDa). Two minor 255 to 280 in sequence) and in seven other pro-
bands of 00 and 75 kDa were also detected. teins (two coliagens, two potato virus X proteins,

Immunoelectron microscopy of Aotus monkey the APT synthetase c subunit, the protease I pre-
hepatocytes and of the human hepLtoma cell line cursor, and an estrogen precursor).
HepG2/AI6 demonstrated that gold particles To determine if the interaction of antibodies
were associated with the microvilli and the cell with additional epitopes on class I MHC mole-
surface as well as with the cytoplasm of both he- cules could enhance sporozoite development in
patocytes and hepatoma cell lines (Fig. 3). hepatocytes, sporozoites of P. 'ivax, Sal I strain
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Fig. 3. Immunoelectron micrograph of HepG2 A16 cells reac-

ADted with the mAb NVS3. The surface of HepG2.A)6 cells
shows many microvilli. Gold particles (arroAS) sre ae.ociated
with the microvilli and ,he surface as •,ell as the c~sopiasm of

Fig. 2. Western blot analysis of hepatocyte extracts from the cells. an-hC) i % ah t o

Saimiri (A,B,C) and Aotus (D.E.F) monkeys.

(containing the sequence AGDR) were incubated SissProt Sequence Positio.n i,

with an anti-MHC class I mAb W6,32. This anti- database ID sequence

body did not recognize the (AGDR) 6 peptide in 3hA2L$HUKAJN 290Rr ~ KP SGEr

an ELISA (data not shown). In the first experi- FV _MnV• DTELV•T"RPAGnRTFQKr.'A~xVVVPSG EEC R 260

ment, mAb W6/32 and a control mAb 2A10 were HAI N$ H'-AN DTELV2TF,0PAGDR-FQKA%-7WFSGEECR :.'O

mixed with sporozoites and then added to hepato- •o$u-•k DTELVETRP.GDRTFQK•.'ý-,\%PSGEER 290

cyte monolayers. In a second experiment, the
mAbs were added to hepatocyte cultures 2 h be- 5IxP)J0 LVEha7FQJx- V,.5Gt_• 20

fore the cultures were infected with sporozoites HAIQ$)iU.AN DTELVETRPAGDRTFQKWAAV-6vVPSCEEs R 280

and removed before the sporozoites were added. 1iA1R$Htmn DTELV•T•PAGDRTFOhKW,.AVVVPSGEEQR 255

Identical results were obtained in the two experi- HxAssHUMs,. DTELVE-:RFAGDRT FQKwAA%,r.'PSCEEC R 2-77

ments. The mAb W6/32 at 50.ug/ml enhanced li- HA1T$HV M ' DTELV-TRPAGDRTFQYV\-V, PSGEEQR 2Eo

ver-stage development 10 times more than both AI{UnSHUWPN DTELVT-RPAGDRTFCK'c.), VVVPSGEEQR 110

the control IgG2a mAb at equivalent concentra-
tion and control with culture medium only s ELvEPraD8JrrX 'VSCEEQR 20

(Fig. 5). HAlo$P;ANTR DELVET'A P-GDRTFQXWtAA-VVPSEEQR 280

ISAiNSPANTR DTELVETRPAGDRTFOQKW.AVVVPSGEEQR 280

5. Discussion
Fig. 4. SwissProt (Release 17.0) MHC entries, showing 100%

These results'demonstrate that the mAb NVS3 homology to the Plasmodium vivax strain Sal I circumspoto- "

directed against the CS protein of P. vivax sporo- zoite pentapeptide PAGDR (highlighted).
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Fig. 5. Enhancement of P. vi/ox, Sal I strain, liver-stage development by incubation of sporozoites with mAb W6:32 directed against
a monomorphic determinant on HLA AB and C molecules. MAb 2A10 and culture medium were used as controls. Expt. I, "nAbs

were mixed with sporozoites. Expt. 2, mAbs were in contact with hepatocytes for 2 h and removed before parasites %ere added.

zoites is able to recognize host-cell proteins. This size of MHC class I molecules is also 45 kDa 17].
mAb bound to monkey hepatocytes in Western However, attempts to immunoprecipitate the
blot, and to the cell surface and cytoplasmic mo- IgG3 mAb NVS3 to MHC class I molecules in
lecules of human hepatoma cells in immunoelec- parallel with anti-MHC class I mAbs (W6/32 or
tron microscopy. BB7) were unsuccessful. In addition, our results

Sequence similarity searches with the amino- cannot exclude the relationship between the mAb
acid sequence AGDR, supported by other studies NVS3 and other hepatocyte molecules, although
[13,14), showed that the sequence PAGDR recog- an anti-MHC class I mAb was able to enhance
nized by NVS3, or its variant PAGDG, occurs in the in vitro development of P. vivax sporozoites.
all primate or rodent MHC class I o proteins. In Our in vitro results demonstrate that an anti-
addition, we found that the variant sequence MHC class I mAb added before or during infec-
PAGDG is also a repetitive amino acid sequence tion was able to enhance the development of ma-
of the CS protein of the monkey malaria parasite laria parasites in liver cultures, strongly suggest-
P. cynomolgi, Berok strain [15]. The P. cynomolgi ing that the interaction of the mAb with hepato-
complex has a close -phylogenetic relationship cytes, not with sporozoites, was critical for med-
with P. vivax, but we were surprised to find that iating enhancement.
the amino acid variations in the repetitive region Amino acid sequence homology between iso-
of the CS protein were identical to those ob- lates of P. viv'ax and a human protein might re-
served for the similar part of the a chains of the suit from selection due to immune pressure. In-
MHC class I network. deed, individuals from a P. itvax endemic area

Interestingly, the m.Ab NVS3 reacted with a 45- did not recognize the sequence AGDR in ELISA
kDa band in hepatocyte extracts (Fig. 2), and the (unpublished information). However, anti-AGDR
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antibodies have been elicited by mice, leading to Service or by the U.S. Department of Health and
the production of the mAb NVS3. The lack of an- Human Services. Animals used in this study were
tibody response from humans confirms that this maintained in conformity to the standards set
epitope is included in a human protein and is forth in the Guide for the Care and Use of La-
therefore protected from any immune response boratory Animals (NIH Publication 86-23).
that could result in autoimmune complications.
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